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Abstract
Nowadays, data analytics plays a significant role in developing new business systems.
In addition, it is taking a major part of the decision-making process in the organization.
For this project we focused on predicting smart home's energy that uses smart meters
starting with identifying the problem statement. We used RStudio tool to perform the
data preprocessing, data exploration, machine learning algorithms implementation,
and visualizations. To build our models we used a dataset from Kaggle website related
to smart meters data. In addition, we have created different plots to explore and
analyze the energy consumption for each appliance. The time-series analysis was
chosen to be used in order to find the trends on our data. The data were split into 80%
of training set and 20% of testing set. Different time series algorithms were used for
predicting the energy consumption including Linear Regression, HoltWinters, and
ARIMA. Finally, we tested the performance of our algorithms, where HoltWinters
algorithm achieved the best performance of the Mean Absolute Percentage Error
(MAPE) which is 77.8% compared to the Linear Regression, and ARIMA.

Key words: Smart Grids, Smart Meter, Energy Consumption, Home Appliances, Time
Series Analysis, Energy Prediction.
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1. Statement of the Problem
The main problem is that the energy consumes a significant amount of homes
and business utilities owners’ budget. Consumers are looking for smart and
innovative solutions to improve their energy efficiency and reduce costs.
Moreover, the concerned government entities may benefit from the proposed
models and algorithms. Thus, predicting energy consumption and managing it, is
critical for the smart home that uses smart meter in smart grids. As the energy load
needs to be predicted in real time basis to deal with the energy demand and cost. The
energy sector has many available data that can be used for forecasting, such as
sensor data and other real time data. Utilizing these data in the right way can result in
improving the operational efficiency of the smart grid. For example, it can enhance the
prediction of the energy usage growth, the distribution of the resources, and provide
better visions into the utility planning process. Nowadays the high growth of the
economy in many countries resulted in high demand for energy consumption. For
example, in the last decade, India considered as the fourth largest energy consumer
in the world, and experienced an increase in the power system from 1362 MW to
250GW [1]. So, the rising on the energy consumption requires to improve the energy
efficiency and electricity infrastructure. Recently, many technologies have been
developed to improve energy efficiency. Smart grid developed as a solution for the
high demand on energy across many countries. The traditional grid refers to the
traditional way of delivering the power to homes and business through a group of
elements such as substations, lines, and other elements. Whereas the smart grid is
considered a new facet of the power industry that ensures a two-way interaction
between the utility and the customers [2].
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2. Background of the Problem
Worldwide, the demand for electricity is rapidly increasing because of the population
growth. The fossil fuels is the main source of electricity production, and as per the
World Nuclear Association, 64.5% of the world’s electricity is generated in 2017 from
fossil fuels [3]. The demand of energy or electricity can be referred to the amount of
electricity needed by the households and businesses. If the demand reaches the peak
time in a specific day, this will lead to power outages and terrible failures in the grid.
To avoid this, energy management tools are used to reduce the electricity usage
where the consumers are prompted to reduce the usage of energy during the peak
time [4]. A smart grid is one of the energy’s demand increase solutions that became
well-known years ago. It is known as an electricity network that supports two-way
communication of electricity and data between the utility and the consumers. It allows
the consumer to become active contributors by having auto detection, reaction, and
pro-acting features to changes in usage or any other issues. Smart grid developed as
a solution for the high demand on energy, it consists of several components such as
controls, automations, computers, as well as different technologies that supports an
immediate detection of the energy demand increase. The main benefits of smart grids
are energy transmission efficiency, security level increasing, and managing and
reducing peak demand. The main two pillars of the Energy Management System
(EMS) efficiency are the energy prediction and scheduling. The key role of EMS is
handling the changes of the power in the smart grid components to enhance the quality
as well as reduce the cost [2]. In addition to that, it plays a significant role in residential,
industrial and commercial sectors by managing the peak demand and decreasing
stress over the distribution lines. Previously, the energy peak demand affected the
stability and reliability of the power system. One of the most known methods used in
the residential sector is the direct load restriction, where both the energy utilities and
consumers get the benefits. Managing the energy demand may result in decreasing
the interruptions risk, and moderating the risk of faults on the grid’s transmission and
distribution [5].
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3. Project Definition and Goals
During this project, our aim is to use a dataset related to a smart home that uses smart
meters, in order to be able to visualize the smart meter data. In addition, on later stage,
each goal will be reviewed and linked to the results.
1. Analyze the energy consumption of the home appliances:
This will help in analyzing the individuals’ behavior in using their appliances at
specific hours of the day, or during weekdays and weekend. Also, to analyze
which appliances are more likely to be used.

2. Implement the modeling of time-series technique for the energy
prediction:
To be able to apply the time-series forecasting algorithms on individuals
electricity usage on yearly basis.

3. Evaluate and choose the best model performance for time series energy
prediction:
Forecast the future energy consumption by analyzing and evaluating the best
time-series model performance.
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4. Literature Review
Smart metering is one of the emerging topics providing a remedy for an increase in
the prices of electricity all over the world [6]. Forecasting the usage of electricity is
considered one of the most important challenges for providing intelligence to the
respective smart grids. By implementing it, customers will receive benefit from the
understanding of their energy and it will help in managing the expenditures of their
usage. In this study, the effect of the implementation of smart metering and smart grids
on various countries will be analyzed.
According to (Monypeny, 2013), the Department of Energy of the United Nations
states the term "smart grids" as a combination of class technology which is being used
by the people for bringing utility delivery system of electricity within the 21st century.
Automated computer-based technologies are used for this purpose. By implementing
smart grids, enhances energy efficiency and helps in optimizing the supply and
demand of electric power. Further, (Lee, Roberto Paredes and Hyun Lee, 2012) states
that the implementation of smart grids and metering in few countries are discussed
which includes United States, China, Korea, Japan, and Singapore. The United States
is one of the most prominent countries in implementing Smart Grids and Smart
Metering. Various projects are being implemented by the country which includes "Grid
2030" which states about the transition of the nation towards implementing smart
technology and it is being adopted in the year 2003 [7]. In 2007, another act was
introduced named the Energy independent and Security act which deals with
demonstrations regarding energy storage and implementation of smart grid in regional
areas. In the year 2009, American Recovery and Reinvestment Act were introduced
which dealt with the allocation of resources for the modernization of electric grids.
Another country that initiated and implemented Smart grids and Smart Metering is
China. In the year 2007, policies were made regarding the energy conditions of China,
which helped in rationalizing power grids and also strengthen the power grids of
respective regions. Renovation is also made of the rural grids to enhance their
services. In the year 2009, a plan was made for strengthening the smart grids of the
country. And in 2010, a Five-year plan was made for social development and National
economics which contributed to the future development of power grids.

It also

comprises percentages of energy that is being derived from non-fossil fuels in 2020.
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South Korea came up as an inspiration for using energy efficiently and diligently by
using technologies for smart grids. This helped South Korea in developing the
economy eco-friendlier, through a few missions and policies. In the opinion of (Majeed
Butt, Zulqarnain and Majeed Butt, 2021), the smart grid project transformed the
nation's economy which is relatively low in CO2 emissions, which resulted in a change
in the climate. In the year 2010, Korea releases the road map for the smart grid. This
smart grid provided support for the generation of power which is the basic requirement
concerning electric vehicles. Smart Grid Organizational Structure of South Korea
frames policies in various industrial sectors. According to (Monypeny, 2013), in the
year 2009, Korean Smart Grid Institute enhanced the initiative for implementing Smart
grids for several projects. New business models were made for implementing Smart
grid technologies in Korea.
Due to the increasing demand and challenges faced by the current grid system, a
smart grid system has been developed by the energy industry [6]. Therefore, many
countries have taken the initiative to adopt this new system. Japan is also one of the
countries that have taken certain initiatives in this area. In 2008, 20 billion was invested
in renewable energy sources such as wind and solar. The standardization of the Smart
grid system was promoted with the help of privatization. Due to the increase in smart
grid market trends, several challenges are also arising in this area. Challenges in this
area mainly involve regulation challenges [6]. The protection of this system is another
challenge as it is not easy to design an efficient protection system. In Japan, the
national smart grid project aims at transforming the country's economy into a more
sustainable society. Hence in 2010, the roadmap for the project was developed. The
role of the Korean government was very significant. It developed Smart metering
systems and storage devices with a large capacity to support the nation in the
renewable generation of power. Another important initiative involved legalizing the
system of incentives that supported the deployment of the smart grid system [9]. Japan
was involved in all these developments because it suffered energy efficiency issues
even after having several energy-saving technologies. The smart grid initiatives were
developed to establish a "smart community" in Japan [9]. The Yokohama city was one
of the demonstration areas for large-scale projects for the "smart community" in Japan.
The roadmap of this project also estimated that the Zero Emission Building (ZEB) will
be able to reduce the carbon dioxide level to a great extent by the year 2030.
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The researches in Singapore show that maintaining the security, and efficiency of
smart grid multifunctional system is a very difficult task. The smart grid CPS system is
an integrated system that is designed by experts from several domains [10]. This
system provides an improved mechanism of reliability, which is a threat faced in the
present grid systems. The technological firms in Singapore are also involved in smart
grid projects with the help of the research institutes. The government of Singapore is
aimed at transforming the future of the next generation in its energy management
system. The firms in Singapore are also involved in the innovation of various storage
technologies for smart grid development.
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5. Methodology Used
CRISP-DM framework
As we mentioned previously, the main problem is that the energy consumes a
significant amount of homes and business utilities owners’ budget. To start solving this
issue, the right data mining techniques must be identified. The data mining technique
can be defined as a computational method which used to discover the possible
relations among the variables with the techniques such as statistics, database,
machine learning, pattern recognition, and others. In this project, we are following
CRISP-DM framework, which stands for Cross Industry Standard Process for Data
Mining. This framework consists of six main phases, which are the lifecycle of the data
mining project [11]:


Business understating



Data Understanding



Data preparation



Data Visualization



Model Building



Model Performance Evaluation

Generally, there are several data mining techniques and methodologies can be used,
but before that, data pre-processing techniques are necessary. Depending on the
source of data, the quality varies in terms of redundancy, noise, and consistency.

Time Series Analysis
For this project, we followed the supervised approach using time series analysis. As
we found that the dataset includes observations over a regular and non-stop period.
Therefore, time series analysis is the appropriate approach to be implemented as it is
used to recognize the trends in our data, in order to predict the energy consumption.
There are different patterns related to time series forecasting as below [12]:
Pattern

Description
This pattern shows continues changes in the data related to time

Trend

series, and it represents the progress and the failure in long-term.
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Level

It shows the actual values related to time series data.
The seasonality describes the patterns as a short-term, which happens

Seasonality

once and repeated for unspecified time.
It describes the unexpected changes that occurs randomly, and can’t

Noise

be predicted.

There are different forecasting methods related to time series analysis, we decided to
use Linear Regression, Holt-Winters, and ARIMA forecasting methods, then evaluate
the performance of each method and choose the best one, the below table describes
each forecasting method:
Method

Description
“It stands for Autoregressive Integrated Moving Average” (Biswal,
2021).


AR: this is the autoregressive, it works with a linear series of
variables’ past values.

ARIMA


MA: It works with a linear series of previous forecast errors.



I: It defines the values of data that exchanged by the variance
between its own values and the past values [12].

Is one of the well-known forecasting method related time series
Holt-Winters

analysis. It helps in forecasting the time series values behavior and
modeling it [13].
It is used to create a linear relationship between the variable of

Linear Regression

forecast and the variable of a single predictor.

RStudio and R Programming Language
To implement the time series analysis techniques and methods, we used RStudio and
R Programming Language. In addition, RStudio used to perform data preprocessing,
data exploration, machine learning algorithms implementation, and visualizations.
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6. Sources of Data
Smart grid is uses a smart meter as source of information that includes the data related
to electricity generation, transmission, distribution, and consumption. These data are
collected from different sources such as the distribution stations, distribution switch
stations and electricity meters. In addition to some other data that are not related to
the electrical information such as the meteorological and the regional data. The data
can be classified into three categories, such as business data like the marketing
strategies and competitors’ behaviors. Measurement data, and the external data that
cannot be measured from smart meters that can affect the operations in the power
system. Smart grid relies on smart meters to collect the data as it includes some
installed sensors that are used to measure the operational parameters in the power
system and provide energy related information to utility companies and customers.
For this project, we planned to use a dataset related to federal buildings to analyze
the energy consumption of these buildings. As this will contribute to enhance the
federal infrastructure assets efficiency and effectiveness. Unfortunately, the data
related to energy consumption of federal buildings were not available and need to be
collected manually from different sources. Therefore, we used a different dataset from
Kaggle website related to a smart home that uses smart meter to predict the energy
in smart grids. The below table shows a description of the attributes and the hyperlink
which contains the dataset file from Kaggel website. The dataset file contains the
readings with a time span of 1 minute of house appliances in kW from a smart meter.
The dataset is a quantitative data, and consists of a time series data with 503,910
observations. The main problem that we faced is converting the time variable to a
proper date time format. The time variable was storing the data as characters, so we
consumed lots of time to find out how to convert it from seconds to an appropriate date
time format. The dataset file can be downloaded from this link:
https://www.kaggle.com/taranvee/smart-home-dataset-with-weather-information
#
1
2
3

Attribute
time
use [kW]

4

House overall [kW]

gen [kW]

Description
Time
Total energy consumption in kW
Total energy generated by means of solar or other power
generation resources in kW
Overall house energy consumption in kW
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5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

Dishwasher [kW]
Furnace 1 [kW]
Furnace 2 [kW]
Home office [kW]
Fridge [kW]
Wine cellar [kW]
Garage door [kW]
Kitchen 12 [kW]
Kitchen 14 [kW]
Kitchen 38 [kW]
Barn [kW]
Well [kW]
Microwave [kW]
Living room [kW]
Solar [kW]
Temperature
Humidity
Visibility

23

24
25
26

ApparentTemperatur
e
pressure
windSpeed
cloudCover

27
windBearing

28
29

precipIntensity
dewPoint

30
precipProbability

Energy consumed by specific appliance in kW
Energy consumed by specific appliance in kW
Energy consumed by specific appliance in kW
Energy consumed by specific appliance in kW
Energy consumed by specific appliance in kW
Energy consumed by specific appliance in kW
Energy consumed by specific appliance in kW
Energy consumption in kitchen 1
Energy consumption in kitchen 2
Energy consumption in kitchen 3
Energy consumed by specific appliance in kW
Energy consumed by specific appliance in kW
Energy consumed by specific appliance in kW
Energy consumption in a living room in kW
Solar power generation
Physical quantity expressing hot and cold
Concentration of water vapor present in air
Meteorological optical range which is defined as the length of
atmosphere over which a beam of light travels before its
luminous flux is reduced to 5% of its original value
Temperature equivalent perceived by humans, caused by the
combined effects of air temperature, relative humidity and wind
speed
Falling air pressure indicates that bad weather is coming, while
rising air pressure indicates good weather
Fundamental atmospheric quantity caused by air moving from
high to low pressure, usually due to changes in temperature
Fraction of the sky obscured by clouds when observed from a
particular location
In meteorology, an azimuth of 000° is used only when no wind is
blowing, while 360° means the wind is from the North. True Wind
Direction True North is represented on a globe as the North
Pole. All directions relative to True North may be called "true
bearings."
Measure of the amount of rain that falls over time
The atmospheric temperature (varying according to pressure
and humidity) below which water droplets begin to condense and
dew can form
Measure of the probability that at least some minimum quantity
of precipitation will occur within a specified forecast period and
location
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7. Analysis
Before starting with the Exploratory Data Analysis part, we have started with loading
the necessary libraries in R then reading the data file. Also, to have a good
visualization of the data, the first step before creating the plots is having our data ready
by cleaning it. So, we have cleaned our dataset by removing the missing values and
outliers. In addition to, changing the time variable into appropriate “date time” format.
As part of the data preprocessing step, we used the time variable to apply the feature
engineering to the dataset by extracting the day of the week, hour of the day, and
minutes of the day. Also, we used the “Gather” function to gather the data into
Appliance & Consumedkw columns. Moreover, the dataset contains several columns
in Furnace and Kitchen, so we combined them into new columns summing them up.
Furthermore, before start applying the time series analysis, we noticed that our dataset
consists of many “0” variables, so we excluded the “0” to get the proper visualization.
Exploratory Data Analysis:
We started with creating the total consumed energy by appliance plot in order to have
a better observation of the dataset. It can be clearly shown in Figure 1 that the Furnace
appliance is consuming the highest amount of the energy which is 118917.46 KW
compared to other appliances. Whereas the lowest amount of energy consumption is
4932.19 KW represented by the kitchen.
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In Figure 2, we are exploring the total of home’s energy consumption per date, starting
from 1st of January 2016 to 7th January 2016. It can be clearly shown that the highest
energy consumption in 1st of January 2016. This might be related to the weekend and
the New Year holiday and as people used to celebrate with family and friends. From
2nd of January 2016, the energy consumption was fluctuated up and down until the
date 7th of January 2016 where the energy consumption clearly dropped.

Figure 3 shows the comparison between the frequency of the consumed energy and
the generated energy in the period of 1st of January 2016 to 7th January 2016. It can
be clearly seen from the boxplot that the spread of frequency in generated energy is
greater than consumed energy. There is evidence that the data for both, consumed
and generated energy are positively skewed.
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In Figure 4, we are comparing the energy consumption per hour during the week. We
can see that we have many outliers, so we will remove them then we will create the
plot again.
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It can be clearly shown from Figure 5 that the spread of energy consumption on Friday
is greatest compared to other week days. In addition, the energy data for most days
are positively skewed. On Friday, the interquartile range is bigger than other days.

In Figure 6, we can see that we have many outliers, so we will remove them then we
will create the plot again.
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In Figure 7, we are comparing the energy generation per hour during the week. We
can see that the spread of energy generation almost the same on all days. The top
25% of energy generation on Wednesday and Tuesday have roughly the same
spread.

The bar plot in Figure 8, displays the amount of energy consumption of each appliance
per day. We can see that the Furnace is always the consumed the highest proportion
of energy. Where it reached the highest amount on the date 2016-01-01.
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In Figure 9, we are trying to visualize the total energy consumption per hour of the
day. We can see that between 11:00 to 17:00 the energy consumption was low. Where
the consumption reached the peak at the hour 22:00. So, we can summarize that the
consumed energy is lower during the mid of the day, and higher at night.

Time Series Analysis
In this section, we will start implementing the time series analysis to recognize the
trends in our data, in order to predict the energy consumption. We decided to use three
different time series algorithms such as Linear Regression, HoltWinters, and ARIMA.
In Figure 10, we can observe that the energy consumption doesn’t have major peaks,
but steadily increases from the beginning of the year 2017 to the mid of 2017, then it
gradually dropped.
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Before creating Figure 11, we split the data into a training set and a test set to be used
for algorithms testing. The training set contains 80% of the data, and the testing set
contains 20% of the data. We can clearly see that the energy generation in both sets
is higher than the energy consumption.
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We used the tslm function in R as shown in Figure 12, in order to fit the linear model
with the components of the time series like the trend and season. Then we used
“forecast” for the same model in Figure 13, it is clearly shown that we have an
ascending trend.
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Figure 14 represents the decomposition of the data into four components of the timeseries which are the observed, the trend, the seasonal, and the random. The observed
represent the original time-series. The trend plot shows the trend in our data, where a
clear trend can be seen here. The third plot represents the seasonal data. And finally
the random plot.

Figure 15 represents a comparison between the three time series models, Linear
Regression, HoltWinters, and ARIMA. For each model we have created a prediction
for the next year. As we can see from Figure 15, the results are almost similar for both
Linear Regression and HoltWinters, where ARIMA is showing a straight line which
means that it has an issue to identify the seasonality. This is because R doesn’t
understand that we are using time series analysis, so we should specify the
seasonality.
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To solve this issue, and to get better results from each model, we forced the ARIMA
model to identify the seasonality by adding “D=1”. Now we can see the difference in
Figure 16, where ARIMA is not showing a straight line because the model identified
the seasonality.
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In Figure 17, we are plotting the Linear Regression, HoltWinters, and ARIMA time
series algorithms and compare them with the testing data. We can visualize that
HoltWinters method might be the most accurate algorithm, but this will be proofed after
getting the Mean Absolute Percentage Error (MAPE), which is our measure of the
models’ error.

The Figure 18, contains a result of models performance evaluation for the Linear
Regression, HoltWinters, and ARIMA, by finding the Mean Absolute Percentage Error
(MAPE). In our case we found that HoltWinters is showing the best performance of
MAPE which is 77.8% compared to the Linear Regression and ARIMA.
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Finally, In Figure 19, we plot HoltWinters, as it is the best performed model on the
testing data.

Figure 20, represents the forecasts result using HoltWinters over the testing data,
where we can see that there is an ascending trend in the energy consumption amount.
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8. Results
This project introduced the application of different time-series prediction algorithms to
predict the energy consumption of smart home’s that contains smart meters. The main
goal is to analyze and explore the consumed energy of the home appliances to
achieve the predicted demand of energy. The project used different time-series
algorithms such as Linear Regression, Holt-Winters, and ARIMA to predict the home’s
energy consumption, by comparing between the models performance and choose the
best one.
The first part of the analysis section demonstrated the used dataset from Kaggle
website related to smart meters data. The dataset file contains the readings with a
time span of 1 minute of house appliances in kW from a smart meter. The dataset is
a quantitative data, and consists of a time series data with 503,910 observations. We
followed the CRISP-DM framework which consists of 6 steps. The first step was the
business understanding, where we investigated about smart grid and smart meter
implementation in few countries such as United States, China, Korea, Japan, and
Singapore. The second step was the data preprocessing, where we prepared the data
for the analysis by removing the missing values and outliers. In addition to applying
the feature engineering to the dataset by extracting the day of the week, hour of the
day, and minutes of the day from the time variable. The third step was the exploratory
data analysis, where we created different types of plots to recognized and find out
some insights from the data. The fourth step was developing the time-series
algorithms to be used for the prediction. Before that, we have checked the time-series
elements like trend and seasonality in our data. The fifth step was building the three
time-series models including Linear Regression, Holt-Winters, and ARIMA. The last
step was evaluating the models performance, using the Mean Absolute Percentage
Error (MAPE). Where HoltWinters’ MAPE was 77.8% which is the most accurate
compared to the Linear Regression and ARIMA.

At the beginning of this project, we have set some goals and objectives to be achieved.
Three main objectives were identified, and accordingly we are going to align the results
of our study with the defined objectives.
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1. Analyze the energy consumption of the home appliances.
We have analyzed the energy consumption for each home appliance, and we
figured out that the Furnace appliance is consuming the highest amount of the
energy compared to other appliances. In addition, we noticed that the highest
energy consumption was in 1st of January 2016. We assumed that this might
be related to the weekend and the New Year holiday, as people used to
celebrate with family and friends. From 2nd of January 2016, the energy
consumption was not stabled until the date 7th of January 2016 where the
energy consumption clearly dropped. We compared the energy consumption
per hour during the week. We found that the spread of energy consumption on
Friday is greatest compared to other week days. In addition, we analyzed the
total energy consumption per hour of the day and we can summarize that the
consumed energy is lower during the mid of the day, and higher at night. Our
findings indicates that adding “Holidays” as a new feature in the dataset will be
helpful to analyze and compare the peak time between the holidays and
working days.

2. Implement the modeling of time-series technique for the energy
prediction.
We have implemented the time series analysis to recognize the trends in our
data, in order to predict the energy consumption. We observed that the energy
consumption doesn’t have major peaks, but steadily increases from the
beginning of the year 2017 to the mid of 2017, then it gradually dropped. We
decided to use three different time-series algorithms such as Linear
Regression, HoltWinters, and ARIMA. The results were almost similar for both
Linear Regression and HoltWinters, where ARIMA was showing a straight line
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which means that it has an issue to identify the seasonality. To overcome this
issue and to have better prediction, we forced ARIMA to identify the seasonality.

3. Evaluate and choose the best model performance for time series energy
prediction.
We created a plot that compares the Linear Regression, HoltWinters, and
ARIMA time series algorithms with the testing data.

We used the Mean

Absolute Percentage Error (MAPE) to evaluate the model performance. From
the created plot we visualized that the HoltWinters method is the most accurate
algorithm and this was proofed after getting the Mean Absolute Percentage
Error (MAPE) for each model. Where HoltWinters’ MAPE was 77% which is the
most accurate compared to the Linear Regression and ARIMA.

To sum up, and after evaluating the results, we can say that we met the defined project
objectives and goals that we aimed for.
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9. Conclusions/Future Work
Conclusion
In this project, we have developed a model to predict the energy consumption of the
smart homes that uses smart meter for the next year. The data were collected from
Kaggle website. The first step was preparing the data by removing the missing values
and outliers. Then the data pre-processing part began where we converted the time
variable from character to a proper date time format. Moreover, the dataset contained
several columns in Furnace and Kitchen, so we combined them into new column
summing them up. Once the data was ready, we have analyzed the energy
consumption for each home appliance using different plots such as bar, line, and
boxplot in order to have a better understanding of the data. Where we figured out that
the Furnace appliance is consuming the highest amount of the energy compared to
other appliances. Also, the energy consumption during the weekend was higher than
weekdays. After exploring the data, we used the time series analysis to recognize the
trends in our data. Before start applying the time series analysis, we noticed that our
dataset consists of many “0” variables, so we excluded the “0” to get the proper result.
In addition, we split the data into training set which consists of 80%, and testing sets
which consists of 20% to be used for our models. Different time series algorithms were
used for predicting the energy consumption including Linear Regression, HoltWinters,
and ARIMA. ARIMA model had an issue in identifying the seasonality, has an issue to
identify the seasonality. To overcome this issue we forced ARIMA to identify the
seasonality. Finally, we tested the performance of our algorithms, where HoltWinters
algorithm achieved the best performance of the Mean Absolute Percentage Error
MAPE which is 77.8% compared to the Linear Regression, and ARIMA.

Recommendations
Since we are working in Ministry of Energy and Infrastructure, and one of the strategic
goals of the Ministry is to regulate and develop the energy sector and ensure its
sustainability. Therefore, we were planning to use a dataset related to federal buildings
to analyze the energy consumption of these buildings. This will contribute to enhance
the federal infrastructure assets efficiency and effectiveness. Unfortunately, the data
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related to energy consumption of federal buildings were not available and need to be
collected manually from different sources. So, our recommendation is to have a
centralized database reading from different integrated sources to make sure that the
data is accurate and up to date.

Future Work
To benefit from this model, and make it feasible for Ministry of Energy and
Infrastructure, all federal buildings such as schools, hospitals, and ministries assets
must be identified for effective results. By having these data available, we can refer to
the created time series algorithms and enhance the models. In addition to using other
time series algorithms for predicting the energy consumption. According to the
prediction results, Ministry of Energy and Infrastructure can come up with new
initiatives that can play a major roles in developing the UAE’s energy sector and
ensure its sustainability.
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